The concentration of penicillin (or cephalosporin) required to achieve a given rate of binding to Staphylococcus aureus H correlates well with that required for inhibition of growth. This result suggests that the irreversible binding of penicillins and cephalosporins to cells is responsible for their biological activity.
We have known for almost 20 years that penicillin binds irreversibly to bacteria (4, (6) (7) (8) 11 ). However, a good correlation between binding and the ability of penicillin to inhibit growth has been lacking. One positive correlation was the observation that the concentration of penicillin required to inhibit growth of staphylococci is just that concentration needed to saturate all existing and newly synthesized binding sites within one generation (11) . However, in a series of staphylococcus mutants selected to grow at elevated concentrations of penicillin, there was little correlation between the amount of penicillin bound and degree of resistance to penicillin (9) .
Radioactive penicillin once bound cannot be removed by neutral buffers, acids, or detergents or be displaced by nonradioactive penicillin (4, 11, 13) . Treatment with dilute alkali will release the bound penicillin as penicilloic acid. This suggests that the penicillin is covalently bound (14) .
Much of the irreversibly bound penicillin is bound to a component of the cytoplasmic membrane (2) (3) (4) Although most of the initial work on the mode of action of penicillin has employed benzylpenicillin, the semisynthetic penicillins and cephalosporins are believed to have an identical mode of action (12) . This paper evaluates a series of these semisynthetic penicillins and cephalosporins which vary in their ability to inhibit the growth of and to bind to Staphylococcus aureus. This study shows that ability to inhibit growth is directly related to the rate of binding to cells as measured by ability to compete with "4C-benzylpenicillin for the binding sites.
MATERIALS AND METHODS
S. aureus H was grown at 37 C with aeration in nutrient broth (1) and harvested by centrifugation at a cell density of 0.3 to 0.4 mg/ml (dry weight). The cells were washed twice in phosphate buffer (0.03 M; pH 6.85) and suspended in this buffer to give a cell concentration of 1.3 to 1.8 mg/mil.
The binding properties of the various antibiotics were determined by incubating 1 ml of the cell suspension at 23 to 25 C with the test antibiotic (added either prior to or in addition to "4C-benzylpenicillin). The experiments were terminated by addition of at least a 1,000-fold excess of '2C-benzylpenicillin. After incubation the cells were collected on membrane filters (0.45-,um pore size) moistened with a 12C-benzylpenicillin solution (ca. 1 mg/ml), and were washed on the filter with 30 ml of penicillin solution followed by 5 ml of distilled water. The filters were dried at 70 C and placed in scintillation vials with 10 ml of fluid (3.8 liters of toluene, 15.2 g of 5-diphenyloxazole, and 380 mg of 1,4-bis-2-(4-methyl, 5-phenyloxazolyl)-benzene. The samples were counted to at least 3% accuracy in a Nuclear-Chicago scintillation counter. The '4C-benzylpenicillin which adhered to the filters after usual washing procedures was subtracted as background.
The various antibiotics were obtained from the 459 EDWARDS AND PARK following companies: '4C-benzylpenicillin (15.7 mc/ mmole) from Nuclear-Chicago; benzylpenicillin from Calbiochem; 6-aminopenicillanic acid from Smith, Kline and French Laboratories; oxacillin, methicillin, and cloxacillin from Bristol Laboratories; 7-aminocephalosporanic acid, cephalosporin C, cephalothin, and cephaloridine from Eli Lilly Laboratories; and ampicillin from Beecham Research Laboratory.
The purity of the '4C-benzylpenicillin was assayed by comparing the amount bound to the cells in 20 ,pg/ml pg/ml min at various concentrations of "4C-benzylpenicillin (5). The 14C-benzylpenicillin used in these experiments exhibited a small but measurable amount of apparent nonspecific binding as evidenced by the gradual increase in the amount bound with an increase in penicillin concentration (Fig. 1) . Purification of the 14C-benzylpenicillin by extraction into diethyl ether at pH 2 did not alter this effect. Therefore, it is quite possible that the small amount of "nonspecific" binding is actually the result of the reaction of pure penicillin with specific binding sites that are hindered in some way. To minimize the hindered reaction, incubations were performed with a penicillin concentration of 0.10 g/nml. Under these conditions, over 95% of the binding that occurred was of the rapid, specific type. The minimum growth inhibitory concentration (MIC) of the various penicillins was determined by using a standard tube dilution assay. Each tube was inoculated with a 1:1,000 dilution of a logarithmically growing culture and read after 18 hr of incubation at 37 C. 1). This correlation held over the entire 3,000-fold range of sensitivities to the antibiotics tested. Direct competition of penicillins and cephalosporins with "4C-benzylpenicillin for the binding sites. The competition between "4C-benzylpenicillin and the various penicillins and cephalosporins for the binding sites was determined byincubating the cell suspension with 0.1 jig of 14C benzylpenicillin per ml and various concentrations of the test antibiotic. The cells were incubated for 20 min at 23 to 25 C and the reaction was terminated by the addition of a 1,000-fold excess of 12C-benzylpenicillin. The cells were filtered, washed, and assayed for radioactivity as described above. Experimental results are compared to calculated curves in Fig. 3 
